Background: Increased preference for fat and sugar may have a role in overweight and obesity development. However, this effect is likely to vary across different food cultures. To date, few studies on this topic have been conducted in children and none have employed an international, multi-centre design. Objective: To document taste preferences for fat and sweet in children from eight European countries and to investigate their association with weight status and dietary habits. Design: A total of 1696 children aged 6-9 years from survey centres in Italy, Estonia, Cyprus, Belgium, Sweden, Germany, Hungary and Spain tasted and subsequently chose between a high-versus a low-fat cracker and a natural versus a sugarsweetened apple juice. Children's consumption frequency of fatty and sweet foods and demographic variables were obtained from parental-reported questionnaires. Weight and height of the children were measured. Results: Fat and sweet taste preferences varied substantially across survey centres. Independent of survey centre, age, sex, parental education and parental BMI, overweight including obesity was positively associated with fat preference and sweet preference. Fat preference associations were stronger in girls. GirlsFbut not boysFwith a combined preference for fat and sweet had an especially high probability of being overweight or obese. Adjusted models with BMI z-score as the dependent variable were consistent with results of the analyses with BMI categories, but with significant results only for fat preference in girls. Frequent consumption of fatty foods was related to fat preference in bivariate analyses; however, adjusting for survey centre attenuated the association. Sweet preference was not related to consumption of sweet foods, either in crude or in adjusted analyses. Conclusions: Fat and sweet taste preferences are related to weight status in European children across regions with varying food cultures.
Introduction
Dietary fats and sugars have been suspected to promote various negative health outcomes, such as hypertension, stroke, type 2 diabetes, cardiovascular disease and cancer. [1] [2] [3] [4] The high intake of fat and sugar has also been discussed as a contributing factor in the obesity epidemic. [4] [5] [6] [7] There is a universal preference in humans for both macronutrients and it is believed that increased preference for fat and sugar may contribute to overconsumption and weight gain. 8, 9 In fact, there is some emerging evidence from animal studies that the consumption of foods high in sugar and fat might lead to addictive behaviour similar to that of drugs by inducing changes in the neural reward homeostasis leading to compulsive-like feeding behaviour and subsequent overconsumption and weight gain. 10 Moreover, consumers themselves report that their food choices are mainly influenced by the taste of a food, implying that fat and sugar preferences may be associated with dietary habits and the onset of overweight and obesity. 11 Previous studies in humans regarding fat and sweet preferences in association with weight status and eating habits have mostly been conducted in adults, with mixed results. Some studies have found an association between a preference for fat in foods with overweight [12] [13] [14] and dietary fat intake. 15 In contrast, other studies did not find a difference in fat and sweet preference between lean and obese subjects, 16 and between subjects with different intakes of dietary fat, 12, 17 or just for men but not women. 18 Most studies investigating sweet taste preferences over the decades have found no association with overweight (for a review, refer to Bartoshuk et al. 13 ). However, it has been suggested that the methods to assess taste preferences in these studies may have introduced bias that masked relationships between overweight and obesity. 13 To date, studies in children are rare. Nevertheless, associations between taste, eating habits and body weight in children may differ from adults owing to their reduced cognitive control, but higher parental influence on eating. Furthermore, childhood is a crucial period in shaping taste preferences and eating habits and in the onset of overweight and obesity. [19] [20] [21] The few previous studies on this topic in children mostly concentrated on the preference for fat. They found a positive association with children's BMI and triceps skinfold thickness 22 and parental weight status. 23, 24 The only study that also assessed the liking of sweet foods did not find an association between fat and sweet food preferences and adiposity. 25 Sample sizes of these previous studies were relatively small, ranging from 18 to 428, and all of them were conducted in children within a homogeneous cultural setting. Little is known about how differences in taste preferences across countries may relate to differences in dietary habits and weight status. Our study intended to (1) describe fat and sweet preferences in a sample of more than 1600 children from eight different European countries; (2) examine associations between taste preferences and weight status; and (3) describe fat and sweet preferences in relation to dietary habits.
Subjects and methods

Subjects
The study was conducted as part of the baseline examination of the European multi-centre intervention study IDEFICS (Identification and prevention of dietary-and lifestyleinduced health effects in children and infants) that aims to determine the aetiology of overweight, obesity and related disorders in children, and to further develop and evaluate a tailored primary prevention programme. 26 Detailed information on design, sampling and procedures of the IDEFICS baseline survey can be retrieved from previous reports. 26, 27 In brief, parents of 31 543 children aged 2-9 years from selected regions in Italy, Estonia, Cyprus, Belgium, Sweden, Germany, Hungary and Spain were contacted to participate in the baseline survey from September 2007 to May 2008, of which 53.5% (16 864) participated. The inclusion criteria of full information on weight, height, age and sex were met for 16 220 children. In a 20% subsample of participating primary schoolchildren from all eight survey samples aged 6-9 or 7-9 years depending on age of school enrolment, sensory testing including preference tests on sweet and fat was conducted. 26, 28 Subsampling was done in each centre either randomly among participating institutions (the number of institutions was determined by number of eligible children) or randomly among participating children in primary schools. Accordingly, 1839 (20.8%) out of the participating 6-9-year-old children were selected for taste experiments. Out of these, 1696 (92.5%) completed tests on fat or sweet preference. The other 143 children either only conducted other sensory tests (137 children) or were excluded because of known food allergies or last minute refusal (6 children).
In each country, the survey centre obtained ethics approval from their responsible authority. Parents provided written informed consent for all examinations, subsequent analysis and storage of personal data. Children also provided informed oral agreement. The fieldworkers from all centres were centrally trained for all survey procedures before the beginning of the examinations.
Preference tests
Sensory testing was performed in schools usually on the same day as the other examinations in a separate section of the general examination room. The taste test procedures included a total of five preference tests for five tastes and have been described in detail previously. 29 Tests for fat and sweet taste preference were performed as paired comparison tests, which are known to yield reliable and valid results in children. [30] [31] [32] The children had to choose their preferred food sample out of a pair and no preference was not an option. If a child could not choose after one repetition of the initial question, the observation was classified as missing. Each pair consisted of a reference sample and a modification of it and was presented to the children in circles on the lower end of a game board. They tasted both samples, reference first, and then placed their preferred sample on a 'smiley' on top of the board. Afterwards, they rinsed their mouth with water and then proceeded with the next pair of samples. During the sensory testing session, children tested five pairs of foods in a fixed order. One pair was designed to test fat preference and another to test sweet preference. Each pair was tested once in each child and sweet was always tested before fat. In contrast to other previous studies in children that have used as much as 20 foods per session, 31, 32 
it was
Taste preference, dietary habits and weight status A Lanfer et al decided to use this lower number of foods to reduce sensory fatigue. Fat preference was assessed using a cracker as a food sample. The reference cracker was prepared from a basic recipe that consists of water, flour (wheat), fat (8%) and salt. For the modification the amount of fat was increased to 18%. All crackers were finished with soda lye (Carl Roth Chemicals, Karlsruhe, Germany) and prepared in an industrial oven. High-fat preference was assumed when the child chose the cracker with the added fat over the basic cracker.
For the sweet preference tests, clear apple juice was offered. The reference juice contained 0.53% added sucrose (Carl Roth Chemicals). The high-sugar sample contained 3.11% added sucrose. The juices were administered in small cups with a volume of 30 ml at 18 ± 2 1C. High-sweet preference was assumed when the child chose the sweetened apple juice over the basic apple juice.
Crackers and juices were centrally produced and then shipped to the corresponding survey centres. Crackers were packed and sealed in plastic bags and juices were sterilized and filled in tetra packs.
The test procedure was subject to pre-testing before the beginning of the survey 33 and yielded reliable data in a separately conducted reproducibility study. 29 Fat preference tests were carried out in all eight survey centres. Sweet preference tests were not performed in the Cypriot centre, because children proved to be unfamiliar with apple juice.
Weight status
Children's body weight was measured to the nearest 0.1 kilogram in the morning in fasting status using a Tanita BC 420 SMA scale (TANITA, Tokyo, Japan). Height was measured to the nearest 0.1 cm using a SECA 225 Stadiometer (SECA GmbH & KG, Hamburg, Germany). During measurements, children wore only underwear. BMI was calculated and children were classified as thin, normal weight, overweight and obese using age-and sex-specific cut-points defined by Cole et al. 34, 35 Additionally, age-and sex-specific BMI z-scores were calculated using reference data from Kuczmarski et al.
36
Food consumption Usual consumption frequency of fatty and sweet foods was assessed using the Children's Eating Habits Questionnaire (CEHQ). The CEHQ was developed to investigate food consumption and behaviours associated with overweight, obesity and general health in children. It includes a food frequency section (CEHQ-FFQ) in which parents or a guardian living with the child report the frequency of their child's consumption of 43 food items in a typical week during the preceding four weeks, outside the school canteen or childcare meal provision settings. Parents had the option of choosing from seven frequency categories ranging from 'never/less than once a week' up to 'four or more times a day'. Additionally, parents could answer with 'I have no idea'. The food items were standardized across the eight survey centres but in some cases country-specific examples were listed. The CEHQ-FFQ was designed to reflect dietary habits regarding pro-and anti-obesogenic foods but not to assess total intake. Reproducibility of the CEHQ-FFQ is comparable to previous FFQs in children and adults. 37 A comparison of milk consumption frequencies derived from the CEHQ-FFQ with urinary calcium and potassium excretion in spot urine samples further showed highly significant correlations (Po0.0001), which, however, were quite modest in magnitude (Spearman's correlation ranging from 0.07 for calcium to 0.17 for potassium). 38 Reported frequency categories were converted into weekly consumption frequencies for each food item. We calculated the weekly consumption frequencies of fatty foods by summing the reported consumption frequencies of those foods of the CEHQ-FFQ that either had a high-fat content or represented the fatty alternative of a pair of similar foods that were both in the food item list, for example, fried fish and steamed fish. These foods were fried potatoes, whole fat milk, whole fat yoghurt, fried fish, cold cuts/sausages, fried meat, fried eggs, mayonnaise, cheese, chocolate-or nutbased spread, butter/margarine on bread, nuts/seeds/dried fruits, salty snacks, savoury pastries, chocolate-based candies, cake/pudding/cookies and ice cream. For calculating sweet food consumption the same rationale was used considering foods with sugar content or sweet food alternatives and we summed up the consumption frequencies of fresh fruit with added sugar, fruit juice, sugarsweetened drinks, diet soft drinks, sweetened breakfast cereals, sweetened milk, sweetened yoghurt, jam/honey, chocolate-or nut-based spread, chocolate-based candies, non-fat candies, cake/pudding/cookies and ice cream. Children for which more than 21 (50%) of the CEHQ-FFQ questions were missing were considered uninformative and their data were not included in these analyses. 39 For the remaining children, food items with no reported frequencies were considered as not consumed.
Sociodemographic variables
Children's age, sex, weight and height of the mother and the father, and parental education as a surrogate marker for socio-economic status were considered as possible confounders and were assessed with a standardized parental questionnaire. The reported weight and height were used to calculate parental BMI. As the educational level of both parents was reported, the higher one in each case was chosen to represent parental education. To guarantee comparability across centres, the educational level was categorized according to the International Standard Classification of Education. 40 We created a dichotomous variable where the International Standard Classification of Education levels 1, 2 and 3 were categorized as low and level 4-6 as high educational attainment.
Taste
Statistics
We used w 2 statistics to detect differences in fat and sweet preferences by sex, age groups and survey centre. Adjusted odds ratios for the association between taste preferences and weight status were calculated using multivariate logistic regressions controlled for sex, age, survey centre, parental education and parental BMI, and with thin/normal weight versus overweight/obese as dependent variable. Age, and mother's and father's BMI were included as continuous variables and sex, survey centre and parental education as categorical variables. Additionally, associations between continuous BMI z-scores and taste preferences were analysed using multivariate linear regression controlled for the same variables as in the logistic regressions. To test whether a combined preference of fat and sweet tastes enhances the probability of overweight we also ran analyses for (i) children that liked both, the fatty cracker and the sweetened juice better than their basic alternatives, (ii) those that had shown a preference for either the fatty cracker or the sweet juice and (iii) those that preferred the basic food variant in both tests. Adjusted means of fatty and sweet food consumption frequency by taste preferences were obtained from multivariate linear regression models controlled for age, sex, survey centre, parental education and BMI to analyse possible associations between taste preferences and eating habits. All analyses were carried out using SAS Version 9.2 (SAS Institute, Cary, NC, USA).
Results
Basic characteristics of our subsample are shown in Table 1 . Sex was rather equally distributed among centres. However, the age distribution differed between the survey centres. No 6-year-olds were included for taste tests in the Estonian centre sample as school-enrolment age is seven in this country. Overweight and obesity prevalence varied considerably between centres. Belgium and Sweden had the lowest prevalence, whereas all other centres had a significantly different proportion of overweight and obese children than Belgium. Taste preferences did not differ between the sexes but did differ between age groups. A lower proportion of the 8-9-year-olds preferred the fatty cracker, but a higher proportion preferred the sweeter apple juice, compared with 6-and 7-year-olds (Table 2 ). We found a large variation by centre in taste preferences, which was stronger for fat preference than sweet preference (Figure 1 ). The proportion of children preferring the fatty cracker over the basic cracker was highest in the German sample and lowest in the Cypriot sample with a more than twofold difference in prevalence between those two centres. Fat and sweet preferences did not co-vary between the centres in a consistent way: centres with a high proportion of children preferring the fatty cracker did not necessarily also have a high proportion of children that preferred the sweetened apple juice.
Taste preferences and weight status
Fat and sweet preference were both independently associated with weight status. Children with a preference for added fat and those with a preference for added sugar had significantly higher odds for being overweight or obese even after adjusting for possible confounders (Table 3 ). Fat and sweet Taste preference, dietary habits and weight status A Lanfer et al preferences in relation to overweight were also studied in stratified analyses. The positive associations with overweight were seen in both sexes and all age groups (Table 3) . However, in boys the relationship between fat preference and weight status was not statistically significant. Analyses of the combined effect of fat and sweet preferences showed that compared with children who preferred the basic food sample in both preference tests, children with a preference for both fat and sweet had the highest odds ratios for overweight or obesity, followed by children that had either a fat or sweet preference (Figure 2) . Again, this association was only statistically significant in the overall sample and in girls. Linear regression analyses with continuous BMI z-score as the dependent variable confirmed the results of the logistic regressions. These analyses also yielded an association between fat or sweet preference and BMI, although the adjusted estimator for fat preference was not statistically significant in the overall sample (b ¼ 0.09, P ¼ 0.15). Sweet preference was significantly associated with BMI z-score when adjusting for age, sex, education and parental BMI (b ¼ 0.14, P ¼ 0.03), but additional adjustment for survey centre attenuated the association (b ¼ 0.10, P ¼ 0.10). Stratified analyses by sex and age revealed the same tendencies as in the logistic regressions with girls and the two younger age groups showing a stronger positive association between fat preference and BMI. The association in girls was statistically significant (b ¼ 0.21, P ¼ 0.02).
Taste preferences and dietary habits
Children with high-fat preference had a significantly higher crude mean consumption frequency of fatty foods than children with low-fat preference (Table 4) . Adjusting for age, sex, parental education and BMI did not change the crude results; however, additionally adjusting for survey centre eliminated statistical significance. There was no significant association between sweet preference and consumption frequency of sweet foods in crude or adjusted analyses. There were also no significant associations between fat or sweet preference and the consumption frequency of any of the single fatty and sweet food items (data not shown).
Discussion
Our study aimed to compare taste preferences in a sample of children from different European survey centres and to examine the relationship between taste preferences, weight status and dietary habits in this culturally heterogeneous population. In addition to confirming large differences in weight status, we found substantial variation in fat and sweet preferences between centres. Despite these cultural differences, we found a positive association between overweight Table 3 Adjusted odds ratios and 95% confidence intervals for overweight or obesity by fat or sweet preference in full sample and stratified by sex and age Taste preference, dietary habits and weight status A Lanfer et al and preference for fat and sweet that was independent of study centre. Thus, our data show a connection between fat and sweet preference and overweight and obesity in children that persists despite different cultural food environments.
The findings support previous studies in children on taste preferences and body composition, which found that fat preference is associated with children's BMI and triceps skinfold thickness, 22 and parental weight status. 23, 24 Our study found stronger associations with weight status for sweet preference. Only one previous study by Hill et al. 25 in children aged 7-9 investigated children's preference for fatty as well as for sugary foods and did not find a relationship for either with adiposity. One reason for differing results may be the different assessment methods for preferences. Hill et al. assessed food preferences based on children's reported liking of several fatty and sugary foods. We measured intrinsic preference for varying macronutrient content in a food item. Both dimensions reflect different aspects of food perception and therefore may lead to different results. As the authors state themselves, foods with a high-fat content, for instance, may not predominantly taste fatty but rather sweet or salty and therefore the results of reported liking for fatty and sugary foods in their study are difficult to compare with our study. In our study, overweight and obesity probability accumulated in girls when high fat preference coincided with highsweet preference. A preference for both fat and sweet in obese adults was also suggested by Bartoshuk et al. 13 They state that earlier studies that failed to find increased hedonic response to fat and sweet in obese subjects might have suffered from methodological problems such as using scales to rate liking of foods that assume similar taste perception in obese and non-obese subjects, although they may in fact be different.
For fat preference and for the fat-sweet preference combination we observed stronger relationships with overweight in girls than in boys. To our knowledge, similar previous studies have not investigated sex differences. Some studies have shown that males and females differ in their hedonic ratings of foods and of sweet and fatty solutions. 41, 42 However, in our study, girls and boys did not have different taste preferences. The observed sex differences may instead reflect gender-specific dietary restrictions exerted by parents. It is known that children develop a preference for foods for which intake is restricted by their parents. 20 It is possible that parents tend to restrict consumption of fats in overweight girls more than in overweight boys owing to a gender-specific pressure to conform to a specific ideal of body. This could lead to higher fat preferences in the former than in the latter group. In fact, confirmatory analyses showed that the proportions of fat and sweet preferences, respectively, were higher in overweight girls (60.7 and 66.5%) than in overweight boys (56.6 and 65.0%). However, the differences were not statistically significant. Irrespective of possible explanations, our results imply that taste preferences and weight status might not be linked in the same way in different demographic groups. If this can be confirmed in future research, this can facilitate public health intervention that is targeted to groups most likely to benefit from them. In our study, fat preference was associated with the consumption frequency of fatty foods in bivariate, but not adjusted analyses. In contrast, previous findings in children were able to link fat preference to fat intake. 22, 24 There was also no relationship between sweet preferences and sweet food consumption. There are numerous possible reasons for the failure of our study to detect significant taste--diet associations. One of these is that dietary assessment is notoriously difficult, especially in large surveys of young children, where it is often necessary to use parental proxies to report for their children. Although this might be the only possibility to assess diet, parents might not be able to adequately report their children's consumption outside the home, as well as they might be prone to social desirability bias. 43 Additionally, as mentioned earlier our CEHQ-FFQ is not designed to capture the entire diet of children and therefore lacks precision. Finally, our diet indicator measured the absolute consumption frequency of fatty or sweet foods. However, the proportion of fatty or sweet food consumption in relation to the whole diet might be a better indicator for taste related dietary patterns. To account for this, we carried out sensitivity analyses using ratios of fatty/sweet food consumption frequency divided by the consumption frequency of all CEHQ-FFQ foods. However, using these ratios instead of absolute consumption frequencies did not change the results. In contrast to inherent limitations of the FFQ method we were able to measure taste preferences in a standardized quasi-experimental design across all eight participating survey centres. Although it may be argued that preference Taste preference, dietary habits and weight status A Lanfer et al for fat or sugar content in a single food does not reflect preference for fat or sugar in all foods, our approach had the advantage of not relying on self-stated reports of food liking that have been used to assess preferences in children in a relatively large previous study. 25 Avoidance of using reports of preferences for different foods is crucial in multi-centre studies comprising many countries, which may be especially subject to intercultural bias. For instance, the same foods may normally have different fat or sugar contents in different countries, and could therefore also be rated differently across countries even in children, who in fact have similar taste preferences for fat and sugar contents. Using standardized food samples and test protocols to assess preferences in all survey centres diminished that problem and we could systematically account for between-country differences in the relationship between weight, diet and taste. Despite the logistical challenge we were able to recruit a large sample of primary schoolchildren participating in taste tests that to our knowledge constitutes the biggest study of taste preferences in European children to date. Our results suggest that taste preference is one of the many determinants of childhood overweight. In a sample of more than 1600 schoolchildren there was an increased hedonic response to fat and sweet in overweight and obese children. It was especially pronounced in girls and independent of cultural background. Future research should focus on identifying determinants of taste preferences, which can be targeted in health promotion activities.
